INTRODUCTION
Ironically, the nurses who do their best to help the contagious patients free of deadly virus to become healthy absorb the virus themselves in the hospital. This is so unfortunate because the nurses might not have been infected on their own in life otherwise of not treating the patients. This phenomenon is called hospital site infection which is a serious concern to the healthcare professionals. A case in point for discussion is the contagious, deadly
In some airports, the international travellers were quarantined and taken to the emergency department of the hospitals. One such place is the Toronto airport in Canada. The SARS patients were taken to the Toronto General Hospital for treatment and recovery. About n = 32 nurses were engaged to treat the SARS patients and several of them got infected by the SARS virus during their service in the Toronto General hospital. 5 Their data from http://wwwnc.cdc.gov/ are cited in Table 1 . Suctioning before intubation
METHODS
Note that the expected number, E (Y) of infected nurses is a group size n times the probability, 0 < π < 1 for any one nurse in the group to be infected during their patient care activities, where Y is a binomial random variable. The hospital site infection is a serious concern to all hospital administrators. In all the patient care activities, the nurses are so well professionally trained to use disinfected gloves, nasal masks etc. as part of the preventive measures to avoid infection from the infectious patients like SARS patients. Still, some nurses get infected. What is the mystery? The nurses probably lack much needed sufficient immunity and it is so latent to be noticed. Their immunity must be the key factor of the mystery. The nurses' immunity level must be assessed, if possible, before assigning them to treat highly contagious patients. How to assess the nurses' immunity is the topic for discussion in this article. Acquiring such knowledge about the nurses' immunity level is helpful for the hospital administrators during their assignment decisions of the nurses for the patient care activities.
Let π is the probability for a nurse to get infected from the contagious patients in the hospital and it is higher than zero. The cases, π = 0 and π = 1, are excluded from discussions in this article as they are extremes and not practical. In this line of thinking, let 0 ≤ ϕ < 1 be the probability for a nurse to possess sufficient immunity to treat contagious patients with virus. Closer the probability, ϕ to zero is interpreted as unsafe for the nurse to be assigned to treat the contagious patients like SARS patients. The case ϕ = 1 is rare. This article blends the probabilities ϕ and π with a random number, Y of infected nurses to come up with an appropriate underlying model for the collected data.
To be rigorous, let the notations R and H denote the events for a nurse to get "infected" due to the virus from the contagious patients like SARS patients and to possess "sufficient immunity from the virus attack". Suppose their probabilities are P(R) = π and Pr(H) = ϕ. Note their conditional probabilities are Pr(R/H) = 0 and Pr(R/H) = p (because only with no sufficient immunity, there is a finite chance for a nurse to be infected) where H denotes the lack of sufficient immunity. The number, Y of infected nurses treating contagious patients like SARS patients is usually assumed to follow a binomial distribution Pr( ) ( ) (1 ) , 0,1, 2,..., , 0 1.
When there is a mix of nurses with and without sufficient immunity in reality, the binomial distribution (1) is insufficient to be an underlying model for Y.
Using (1) to analyze the infected nurses' data imposes a bias that no nurse in the group has sufficient immunity. A modification to (1) is warranted to avoid the bias. To modify, we proceed as follows, realizing that the marginal and conditional probabilities to become infected among the nurses are connected via
An interpretation of (2) is the following. The proportion of infected nurses is while the proportion of the nurses with lesser than the sufficient immunity is
is the estimated odds of having sufficient immunity. The binomial model (1) is refined by substituting the triangular relation, 1 p
This means in a scenario in which some nurses operate with lesser than the sufficient immunity, an appropriate underlying model for the number, Y of infected nurses is
The model (3) is named a bumped-up binomial distribution (BBD). Given there is no sufficient immunity, the probability for a nurse to be not infected is
The probability, (4) portrays lesser virility of the SARS patients. Hence, the proportion, (4) is named probabilityinformatics about the lack of virility.
When 0   , the BBD (3) reduces to the regular binomial distribution (1) as a special case of not sufficient immunity scenario among the nurses. Otherwise, by rewriting the triangular relation as π = (1 -ϕ), a contour of restricted feasibilities for the probability, π to get infected in general, the proportion, p of infected nurses with no sufficient immunity and the probability, ϕ for the existence of sufficient immunity in a nurse. Such restricted feasibilities are sketched in the shaded triangle of Figure 1 . With x-axis, y-axis and z-axis denoting respectively the probabilities ϕ, p and π, the dynamics among them are captured in three dimensional plot of There are other intrigues. Given that a nurse is infected, the conditional probability, Pr(R/H) portrays the likelihood for the sufficient immunity to have existed. Such conditional probability must also be zero since Pr( )
We therefore ask: Could a nurse possess sufficient immunity given that the nurse is not infected? The answer is "yes". If so, what is its probability? Because a nurse is infected with a conditional probability, Pr(R/H) = p only when the nurse has no sufficient immunity, its reverse conditional probability is
The probability-informatics, (5) portrays the proportion of nurses with sufficient immunity among the nurses not infected. The proportion (5) 
The expected number, (6) reduces to a smaller number when the proportion of nurses with sufficient immunity is negligible (that is, 0   ). In other words, using the usual binomial distribution (1) means incorrectly assuming that it is no nurse possesses the sufficient immunity (an utopian) scenario (that is, 0   ). On the contrary, the BBD, (3) is more realistic and versatile enough for any scenario where many, if not all, possess the sufficient immunity. The variance, var( , )
The variance is a measure of volatility. A larger variance means a greater volatility. A higher volatility in the incidences of infected nurses is indicative of an erratic and smaller proportion of nurses with sufficient immunity.
Another useful property of the BBD (3) is its survival function (SF). The hospital administrators might not want more than a minimal infection number, ( 1)   of infected nurses. In specific, when 1   , then it is a zero infection. One wonders about the probability of maintaining the zero infection policy. This article explores it later with the Toronto data in Table 1 , using the survival function (SF) of BBD (3) which is derived now.
Note that the survival function, Pr( , , )
Yn     of BBD (3) portrays the probability of experiencing or more infected among the n nurses who treated contagious patients. A higher survival function's value would demand a refinement of the infection policy or hospital administration. The SF for BBD (3) is
Pr( , (1 ) ln (1 ) ln( )]. 
The (statistical) power is the probability of accepting a true specific research hypothesis (1 ) 1
RESULTS
In In this section, the derived results of section 2 are illustrated using the # infected among n = 32 nurses who provided care to SARS patients in the Toronto hospital as in Table 1 Notice that the probability for at least a specified number of infected nurses is consistently more when 0   than whenˆ0.252   . Without the BBD (3), we would have missed these informatics in the Toronto data in Table 1 . 
DISCUSSION
This article has derived and illustrated a bumped-up binomial distribution for the total outcomes of n independent identically distributed Bernoulli processes for a scenario in which the probability of one among the two dichotomous outcomes is under-estimated due to several reasons of practicality. More research work would help to explore and assess the significance of predictors which impact the presence or absence of sufficient immunity among the healthcare professionals working within a hospital site infectious scenario. This kind of scenarios occur not only in medicine and health arena but also in marketing, finance, economics, sports, trade, management, engineering, earthquake, e-business, communication, and other studies.
